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(57) ABSTRACT 

An apparatus has an optical system detecting spectral infor 
mation and having an optical scanner and a driving unit 
changing the optical path length by moving an optical mem 
ber, a monitor, a control unit obtaining a tomographic image 
by performing Fourier analysis on the information and dis 
playing the obtained image, and a unit previously setting an 
image on the monitor, in Which the member is moved from an 
initial position and presence or absence of the tomographic 
image is determined, When the presence is detected, Whether 
the tomographic image is normal or inverted is determined, 
and When the tomographic image is not the set image, the 
member is moved to obtain the set image, and When the 
tomographic image is the set image, the member is moved so 
that a position of the tomographic image in the depth direction 
coincides With a predetermined adjustment position and the 
driving unit is stopped. 

5 Claims, 7 Drawing Sheets 
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OPTICAL TOMOGRAPHIC IMAGE 
PHOTOGRAPHING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an optical tomographic 

image photographing apparatus arranged to photograph a 
tomographic image of an examined object. 

2. Description of Related Art 
Conventionally, as an optical tomographic image photo 

graphing apparatus arranged to photograph a tomographic 
image of an examined object, there is knoWn an optical coher 
ence tomograph (OCT) using loW coherent light (see Japa 
nese Patent Application Unexamined Publication No. 2006 
212153). This apparatus is used for obtaining a tomographic 
image of a living body part such as an eyeball and a skin, for 
example. 

In order for such an apparatus to obtain a tomographic 
image Which is formed by interference light of measurement 
light projected onto the examined object and reference light, 
it is necessary to perform adjustment of the optical path length 
by moving an optical-path-length varying optical member 
(e. g., a reference mirror). 

For example, in order for an apparatus arranged to photo 
graph a tomographic image of a fundus of an examinee’s eye 
to obtain a fundus tomographic image Which is formed by 
interference light of measurement light projected onto the 
fundus and reference light, it is necessary to perform adjust 
ment of the optical path length by moving an optical-path 
length varying optical member (e. g., a reference mirror) cor 
responding to an eye axial length of the examinee’s eye. 

In a conventional technique of performing the above-de 
scribed adjustment of the optical path length automatically, 
the reference mirror is moved from an initial position at Which 
the optical path length of the reference light is shortest in a 
direction such that the optical path length is made longer, the 
presence or absence of the fundus tomographic image is 
determined at each moving position, and the reference mirror 
is moved based on a result of the determination. 
When the fundus tomographic image is obtained by per 

forming Fourier analysis on a detection signal obtained by 
photo-receiving the interference light, a normal image or an 
inverted image of the fundus tomographic image is obtained 
in accordance With the position of the reference mirror (some 
times no fundus tomographic image is obtained). In the tech 
nique described above, the reference mirror is moved from a 
position at Which the optical path length of the reference light 
is shortest or a position at Which the optical path length of the 
reference light is longest, by Which a ?rstly obtained fundus 
tomographic image is previously set to be a normal image or 
an inverted image. For example, in the case of moving the 
reference mirror from the position at Which the optical path 
length of the reference light is longest, the ?rstly obtained 
tomographic image is set to be the inverted image. Therefore, 
at the time When the presence of the fundus tomographic 
image is detected, the ?rstly obtained tomographic image is 
identi?ed as the inverted image of the fundus tomographic 
image, and the reference mirror is moved from the position at 
Which the inverted image is obtained in a direction such that 
the normal image is obtained, so that the normal image is 
displayed on a screen of a display monitor. 

HoWever, the technique described above requires long time 
to perform the adjustment of the optical path length because 
the optical-path-length varying optical member should be 
moved from the position at Which the optical path length of 
the reference light is shortest or from the position at Which the 
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2 
optical path length of the reference light is longest. In addi 
tion, a tomographic image desired by an examiner could not 
be displayed if the examinee’s eye blinks When the optical 
path-length varying optical member is located at a position at 
Which the previously speci?ed tomographic image (e.g., an 
inverted image) is obtained during the adjustment of the opti 
cal path length. 

SUMMARY OF THE INVENTION 

An object of the invention is to overcome the problems 
described above and to provide a fundus photographing appa 
ratus Which alloWs for smooth adjustment of the optical path 
length With respect to an examined object. 

To achieve the objects and in accordance With the purpose 
of the present invention, an optical tomographic image pho 
to graphing apparatus has an interference optical system 
arranged to detect spectral information from interference 
light of measurement light projected onto an examined object 
and reference light, and comprising an optical scanner 
arranged to scan the measurement light Which is emitted from 
a light source on the examined object; and a driving unit 
arranged to change an optical path length by moving an 
optical member disposed in an optical path of one of the 
reference light and the measurement light in an optical axis 
direction, a monitor, a control unit arranged to control driving 
of the driving unit, and to obtain a tomographic image of the 
examined object by performing Fourier analysis on the spec 
tral information and display the obtained tomographic image 
on a screen of the monitor, and an image setting unit arranged 
to previously set the tomographic image Which is displayed 
on the screen of the monitor to be one of a normal image and 
an inverted image, Wherein the control unit is arranged to 
control the driving of the driving unit so as to move the optical 
member from an initial position in a predetermined direction 
and determine presence or absence of the tomographic image 
on an image obtained at each position, When the presence of 
the tomographic image is detected, determine Whether the 
tomographic image is the normal image or the inverted image, 
and When it is determined that the tomographic image is not 
the image previously set by the image setting unit, move the 
optical member in a direction such that the previously set 
image is obtained, and When it is determined that the tomo 
graphic image is the image previously set by the image setting 
unit, move the optical member so that a position of the tomo 
graphic image in the depth direction coincides With a prede 
termined adjustment position and then stop the driving of the 
driving unit. 

Additional objects and advantages of the invention are set 
forth in the description Which folloWs, are obvious from the 
description, or may be learned by practicing the invention. 
The objects and advantages of the invention may be realiZed 
and attained by the optical tomographic image photographing 
apparatus in the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are incorporated in 
and constitute a part of this speci?cation, illustrate embodi 
ments of the present invention and, together With the descrip 
tion, serve to explain the objects, advantages and principles of 
the invention. In the draWings, 

FIG. 1 is a vieW shoWing an optical system and a control 
system of an optical tomographic image photographing appa 
ratus according to a preferred embodiment of the present 
invention; 
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FIG. 2 is a vieW showing an example of a tomographic 
image obtained by an OCT optical system; 

FIG. 3 is a vieW shoWing a fundus observation image 
obtained by a fundus observation optical system on a screen 
of a display monitor; 

FIG. 4 is a ?oW chart shoWing an example of analyZing the 
obtained tomographic image by image processing; 

FIG. 5 is a vieW for explaining scanning lines scanned on 
the tomographic image for obtaining luminance distribution 
data on the tomographic image; 

FIG. 6 is a graph shoWing a variation of luminance distri 
bution in a depth direction of a fundus tomographic image; 

FIGS. 7A and 7B are graphs shoWing examples of the 
luminance distribution data on each scanning line; and 

FIGS. 8A and 8B are vieWs for explaining a control opera 
tion When the tomographic image is to be displayed at a 
predetermined display position. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A detailed description of one preferred embodiment of an 
optical tomographic image photographing apparatus embod 
ied by the present invention is provided beloW With reference 
to the accompanying draWings. FIG. 1 is a vieW shoWing an 
optical system and a control system of the optical tomo 
graphic image photographing apparatus according to the 
present preferred embodiment of the present invention. In the 
descriptions provided beloW, a fundus photographing appa 
ratus, Which is one of ophthalmic photographing apparatuses, 
is taken as an example. Hereinafter, a depth direction of an 
examinee’s eye E is referred to as a Z-direction (a direction of 
an optical axis L1), a horiZontal direction on a plane Which is 
perpendicular to the depth direction is referred to as an X-di 
rection, and a vertical direction is referred to as aY-direction. 

In FIG. 1, the optical system is provided With an interfer 
ence optical system (an OCT optical system) 200 and a fun 
dus observation optical system 300. The interference optical 
system 200 is arranged to make a portion of loW coherent light 
into measurement light, make another portion of the loW 
coherent light into reference light, and combine the reference 
light and re?ection light formed by the measurement light in 
order to make interference light. The fundus observation opti 
cal system 300 obtains a fundus image for fundus observation 
by photographing a fundus of the eye E illuminated With 
infrared light by using a tWo -dimensional photodetector. The 
interference optical system 200 includes a measurement opti 
cal system 200a and a reference light optical system 200b. In 
addition, the interference optical system 200 includes a spec 
tral optical system 800 arranged to disperse the interference 
light of the reference light and the measurement light for each 
frequency (Wavelength) and make the dispersed interference 
light photo -received by photo-receiving means (in the present 
preferred embodiment of the present invention, a one-dimen 
sional photo-detector). A dichroic mirror 40 has properties of 
re?ecting light having speci?c Wavelength components that is 
used as the measurement light of the OCT optical system 200 
and transmitting light having speci?c Wavelength compo 
nents that is used as the observation light of the fundus obser 
vation optical system 300. 

First, a description of the OCT optical system 200 Which is 
disposed at a re?ection side of the dichroic mirror 40 is 
provided. An OCT light source 27 is arranged to emit loW 
coherent light to be used as the measurement light and the 
reference light of the OCT optical system 200. An SLD light 
source is preferably used as the OCT light source 27. Speci? 
cally, a light source having a center Wavelength of 840 nm and 
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4 
a bandWidth of 50 nm is used, for example. A ?ber coupler 26 
functions as both of a light dividing member and a light 
combining member. The light from the OCT light source 27 
passes through an optical ?ber 3811 that functions as a light 
guide, and is divided into the reference light and the measure 
ment light by the ?ber coupler 26. The measurement light 
passes through an optical ?ber 38b and heads for the eye E. 
The reference light passes through an optical ?ber 38c and 
heads for a reference mirror 31. 
On an optical path Where the measurement light travels to 

the eye E, an end portion 39b of the optical ?ber 38b from 
Which the measurement light exits, a focusing lens 24 Which 
is movable in an optical axis direction in accordance With 
refractive error of the eye E, a scanning unit 23 Which is 
de?ned by a combination of tWo galvano mirrors capable of 
scanning the measurement light in the X- andY-directions on 
the fundus by driving of a scanning driving mechanism 51, 
and a relay lens 22 are disposed. The dichroic mirror 40 and 
an objective lens 10 function as a light guiding optical system 
arranged to guide the OCT measurement light from the OCT 
optical system 200 to the fundus. 
The measurement light re?ected from the fundus passes 

through the objective lens 10, is re?ected by the dichroic 
mirror 40, and heads for the OCT optical system 200, Where 
the measurement light enters the end portion 39b of the opti 
cal ?ber 38b via the relay lens 22, the tWo galvano mirrors of 
the scanning unit 23, and the focusing lens 24. The measure 
ment light Which enters the end portion 39b reaches an end 
portion 84a of an optical ?ber 38d via the optical ?ber 38b, the 
?ber coupler 26, and the optical ?ber 38d. 
On an optical path Where the reference light travels to the 

reference mirror 3 1, an end portion 390 of the optical ?ber 380 
from Which the reference light exits, a collimator lens 29, and 
the reference mirror 31 are disposed. The reference mirror 31 
is movable in an optical axis direction by a reference-mirror 
driving mechanism 50 in order to change the optical path 
length of the reference light. 
The reference light Which is thus formed from the light 

emitted from the OCT light source 27, and the re?ection light 
from the fundus Which is formed from the measurement light 
With Which the fundus is illuminated are combined by the 
?ber coupler 26 to be made into the interference light. Then, 
after passing through the optical ?ber 38d, the interference 
light exits from the end portion 84a. The spectral optical 
system (a spectrometer unit) 800 arranged to disperse the 
interference light into frequency components in order to 
obtain an interference signal for each of the frequencies 
includes a collimator lens 80, a grating mirror (a diffraction 
grating) 81, a condenser lens 82, and a photodetector 83. For 
the photodetector 83, a one-dimensional detector (a line sen 
sor) Which has sensitivity to an infrared range is used. 
To be speci?c, the interference light exiting from the end 

portion 84a is made into parallel light by the collimator lens 
80, and then is dispersed into the frequency components by 
the grating mirror 81. The interference light dispersed into the 
frequency components is collected on a photo-receiving sur 
face of the photodetector 83 via the condenser lens 82. Thus, 
spectral information on interference fringes is recorded at the 
photodetector 83. Then, the spectral information is inputted 
into a control unit 70, and is analyZed by performing Fourier 
transform thereon, Whereby information in the depth direc 
tion of the eye E can be obtained. At this time, the control unit 
70 can obtain a tomographic image by controlling the scan 
ning unit 23 to scan the measurement light in a predetermined 
traverse direction on the fundus. For example, scanning the 
measurement light in the X- or Y-direction alloWs a tomo 
graphic image on an X-Z or Y-Z plane of the fundus to be 
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obtained (in the present preferred embodiment of the present 
invention, a mode of thus obtaining the tomographic image by 
one-dimensionally scanning the measurement light on the 
fundus is referred to as B-scan). The obtained tomographic 
image is stored in a memory 72 connected to the control unit 
70. It is also possible to obtain a three-dimensional image of 
the fundus by tWo-dimensionally scanning the measurement 
light in the X- and Y-directions. 

To be speci?c, the control unit 70 obtains spectral intensity 
of the interference light based on a photo-receiving signal 
outputted from the photodetector 83, and reWrites the spectral 
intensity to a function of a wavelength 7» by using a corre 
spondence relation betWeen the positions of pixels of the 
photodetector 83 Which are previously stored in the memory 
72 and the Wavelength 7». Then, the spectral intensity I(k) is 
converted into a function I(k) Which is equidistant With ref 
erence to a Wave number k (:2J'c/7t). 

Next, a description of dispersion correction processing is 
provided. It should be noted that the effects of dispersion 
include shifting a phase of an interference component, loW 
ering a peak of a multiplexed signal of each Wavelength, and 
broadening a signal (loWering resolution). 

Hence, in the dispersion correction processing, the phase 
subjected to the shifting is converted back for each Wave 
length in order to correct the loWering of the resolution due to 
the loWering of the interference signal. To be speci?c, a phase 
shift (|)(k) as a function of the Wave number k is previously 
obtained, and the shifting of the phase is converted back for 
each k value by using I(k)~exp_iq)(k). The phase shift q)(k) to be 
subjected to the dispersion correction processing may be 
obtained previously by calibration, or the phase shift (|)(k) 
corresponding to the obtained tomographic image may be 
obtained. For the details of the technique of performing the 
dispersion correction processing by using softWare as 
described above, please refer to Us. Pat. No. 6,980,299 and 
Published Japanese Translation No. 2008-501 118 of the PCT 
International Publication, for example. 

In the case of previously obtaining data on the dispersion 
correction processing by calibration, for example, adjustment 
of the optical path length of the reference light is performed 
by moving the reference mirror 31, and ?rst dispersion cor 
rection data (a phase shift ¢1(k)) Which is calculated based on 
a fundus tomographic image being a normal image (visibility 
on the retinal surface side is higher) and second dispersion 
correction data (a phase shift ¢2(k)) Which is calculated based 
on a fundus tomographic image being an inverted image 
(visibility on the choroidal side is higher) are previously 
calculated and stored in the memory 72. Accordingly, the ?rst 
dispersion correction data for performing dispersion correc 
tion processing on the normal image and the second disper 
sion correction data for performing dispersion correction pro 
cessing on the inverted image are prepared. 

Then, the control unit 70 obtains the information in the 
depth direction of the eye E by performing Fourier transform 
on the spectral intensity I(k) Which has been subjected to the 
dispersion correction processing by using the previously set 
dispersion correction data. 

In the case of using the dispersion correction data corre 
sponding to the obtained tomographic image, the ?rst disper 
sion correction data (the phase shift ¢1(k)) is calculated in real 
time based on the fundus tomographic image being a normal 
image. Then, the spectral intensity I(k) Which has been cor 
rected by the ?rst dispersion correction data is subjected to 
Fourier transform so as to obtain the information in the depth 
direction. In addition, the second dispersion correction data 
(the phase shift ¢2(k)) is calculated in real time based on the 
fundus tomographic image being an inverted image. Then, 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
the spectral intensity I(k) Which has been corrected by the 
second dispersion correction data is subjected to Fourier 
transform so as to obtain the information in the depth direc 
tion. Even if the optical member for the dispersion correction 
processing is placed in one of the optical path of the reference 
light and the optical path of the measurement light, the dis 
persion correction processing described above can be per 
formed to reverse the effects of the dispersion correction 
processing. 

Next, a description of the fundus observation optical sys 
tem 300 is provided. The fundus observation optical system 
300 is provided With the objective lens 10, an image-pickup 
lens 12, and a tWo-dimensional image-pickup element 13. 
The light re?ected from the fundus illuminated by an illumi 
nation optical system for fundus observation (not shoWn) 
passes through the objective lens 10, the dichroic mirror 40, 
and the image-pickup lens 12, and forms an image on the 
image-pickup element 13. An image-pickup signal outputted 
from the image-pickup element 13 is inputted into the control 
unit 70. The control unit 70 displays a fundus image picked up 
by the image-pickup element 13 on a screen of a display 
monitor 75. The fundus image picked up by the image-pickup 
element 13 is used for fundus observation and for alignment 
With the eye E at the time When the fundus tomographic image 
is obtained. 
The control unit 70 is connected With the monitor 75, the 

memory 72, a control section 74, the driving mechanism 50, 
a driving mechanism 24a arranged to move the focusing lens 
24 in the optical axis direction, and other constituent ele 
ments. The control section 74 is provided With a measurement 
starting sWitch 74a, a measurement position setting sWitch 
74b, an auto coherence sWitch 74c, and a mode changing 
sWitch 74d. When the auto coherence switch 740 is pressed, a 
trigger signal for starting the adjustment of the optical path 
length corresponding to an eye axial length of the eye E is 
inputted to the control unit 70. 

FIG. 2 is a vieW shoWing an example of the tomographic 
image obtained (formed) by the OCT optical system 200. 
Image data G consists of ?rst image data G1 and second 
image data G2 Which is a mirror image of the ?rst image data 
G1, and the ?rst and second image data G1 and G2 are 
symmetric With respect to a depth position S at Which the 
optical path length of the measurement light and the optical 
path length of the reference light become equal. The control 
unit 70 extracts one of the ?rst image data G1 and the second 
image data G2 in the image data G and displays the extracted 
one on the screen of the monitor 75. In the present preferred 
embodiment of the present invention, the ?rst image data G1 
is extracted. In the fundus tomographic image obtained by the 
interference optical system 200 based on the principle of 
Fourier domain OCT, visibility (interference visibility) is 
highest at the depth position at Which the optical path length 
of the measurement light and the optical path length of the 
reference light become equal (a depth position corresponding 
to the location of the reference mirror 31) and is loWered With 
distance from the depth position. Therefore, an image With 
high visibility and high resolution is obtained in a fundus 
portion close to the depth position, While an image With less 
visibility and less resolution is obtained in a portion distant 
from the depth position. 

Hence, the apparatus has such a con?guration that a pho 
tographing mode according to an observed portion is select 
able in order that a fundus portion desired by an examiner can 
be observed With high visibility and high resolution. To be 
speci?c, the photographing mode is previously selectable 
betWeen a retinal mode of displaying a retinal surface side 
portion With high visibility (a ?rst mode for observing the 



US 7,880,895 B2 
7 

front side of the fundus) and a choroidal mode of displaying 
a choroidal side portion With high visibility (a second mode 
for observing the back side of the fundus). The mode chang 
ing sWitch 74d for selecting either of the modes is provided to 
the control section 74. The control unit 70 controls the move 
ment of the reference mirror 31 in response to a mode selec 
tion signal inputted from the mode changing sWitch 74d. 
When the reference mirror 3 1 is located such that the depth 

position at Which the optical path length of the measurement 
light and the optical path length of the reference light become 
equal is positioned on the front side of the retinal surface, a 
fundus tomographic image Whose visibility is higher on the 
retinal surface side and loWer on the choroidal side (i.e., a 
normal image) is obtained. In this case, the ?rst image data G1 
and the second image data G2 Which is a mirror image of the 
?rst image data G1 face each other. On the other hand, When 
the reference mirror 31 is located such that the depth position 
at Which the optical path length of the measurement light and 
the optical path length of the reference light become equal is 
positioned on the back side of the retinal surface, a fundus 
tomographic image Whose visibility is higher on the choroi 
dal side and loWer on the retinal surface side (i.e., an inverted 
image) is obtained. In this case, the ?rst image data G1 and the 
second image data G2 Which is a mirror image of the ?rst 
image data G1 face opposite directions from each other. 
When a selection signal of the retinal mode is inputted from 

the mode changing sWitch 74d, the control unit 70 reads out 
the ?rst dispersion correction data (for a normal image) as a 
dispersion correction value for correcting the effects of the 
dispersion from the memory 75, corrects data on the spectral 
intensity outputted from the photodetector 83 by using the 
?rst dispersion correction data, and generates tomographic 
image data by performing Fourier transform on the corrected 
spectral intensity data. Accordingly, the normal image of the 
fundus tomographic image is obtained With high visibility 
and high resolution, and the inverted image of the fundus 
tomographic image is obtained With blur and loW resolution 
due to the difference in the dispersion correction data. 
When a selection signal of the choroidal mode is inputted 

from the mode changing sWitch 74d, the control unit 70 reads 
out the second dispersion correction data (for an inverted 
image) as a dispersion correction value for correcting the 
effects of the dispersion from the memory 75, corrects data on 
the spectral intensity outputted from the photodetector 83 by 
using the second dispersion correction value, and generates 
tomographic image data by performing Fourier transform on 
the corrected spectral intensity data. Accordingly, the 
inverted image of the fundus tomographic image is obtained 
With high visibility and high resolution, and the normal image 
of the fundus tomographic image is obtained With blur and 
loW resolution due to the difference in the dispersion correc 
tion data. 

The descriptions provided beloW refer to the ?rst image 
data G1 in Which the fundus tomographic image Whose vis 
ibility is higher on the front surface side of the fundus than the 
choroidal side is identi?ed as the normal image, and the 
fundus tomographic image Whose visibility is higher on the 
choroidal side than the front surface side of the fundus is 
identi?ed as the inverted image. 

Descriptions of operations of the apparatus having the 
con?guration described above are provided. First, the exam 
iner performs alignment in order to bring a measurement 
optical axis to the pupil center on an image photographed by 
a camera for anterior-segment observation (not shoWn), and 
then makes the examinee to ?xate a movable ?xation lamp 
(not shoWn) so that a desired portion is measured. In addition, 
the examiner selects an observation mode of the fundus tomo 
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8 
graphic image by using the mode changing sWitch 74d. The 
folloWing descriptions are provided based on a situation in 
Which the retinal mode is selected. 

FIG. 3 is a vieW shoWing the fundus observation image 
obtained by the fundus observation optical system 300 on the 
screen of the monitor 75. The examiner performs focusing on 
the fundus based on the infrared fundus image on the monitor 
75, and then presses the auto coherence switch 740. The 
control unit 70 controls driving of the driving mechanism 50 
based on an operation signal inputted from the auto coherence 
switch 740 to move the reference mirror 31 and perform 
adjustment of the optical path length of the reference light in 
order to obtain the normal image of the fundus tomographic 
image. In this operation, the control unit 70 moves the refer 
ence mirror 31 from a set initial position in one direction in 
given steps, determines Whether a ?rstly obtained tomo 
graphic image is the normal image or the inverted image by 
image processing, and controls a direction of subsequent 
movement of the reference mirror 31 based on a result of the 
determination and the set observation mode. 
A movable range of the reference mirror 31, Which is 

moved in the optical axis direction by the driving of the 
driving mechanism 50, is set so as to correspond to eye axial 
lengths of different examinee’s eyes. In FIG. 1, the reference 
mirror 3 1 is movable in a range betWeen a movement limiting 
position K1 in a direction such that the optical path length of 
the reference light is made shorter and a movement limiting 
position K2 in a direction such that the optical path length of 
the reference light is made longer. 

The initial position (a movement start position) of the 
reference mirror 31 during the automatic adjustment of the 
optical path length is set at some midpoint in the movable 
range of the reference mirror 31 corresponding to the eye 
axial length of the examinee’s eye (i.e., a position such that 
the optical path length of the reference light can be made 
longer and shorter), and is preferably set in the vicinity of a 
position in response to the examinee’ s eye having an average 
eye axial length (e.g., 24 mm). In the present preferred 
embodiment of the present invention, the initial position is set 
at a position corresponding to an eye axial length (20 mm) 
Which is slightly shorter than the average eye axial length (24 
mm). Accordingly, the normal image of the fundus tomo 
graphic image is obtained When the tomographic image of the 
examinee’s eye having the eye axial length of 20 mm is 
obtained With the reference mirror 31 being located at the 
initial position. 

After the control unit 70 obtains the tomographic image at 
the previously set initial position, the control unit 70 moves 
the reference mirror 3 1 in given steps in the direction such that 
the optical path length of the reference light is made longer (a 
direction such that the difference betWeen the optical path 
length of the reference light and the optical path length of the 
measurement light is made shorter) While sequentially 
obtaining a tomographic image at each moving position, in 
order to search for a position at Which a fundus tomographic 
image is obtained. At this time, each time the reference mirror 
31 is stopped at each discretely distributed moving position, 
the control unit 70 analyZes the tomographic image obtained 
at the position, and performs determination of the presence or 
absence of the fundus tomographic image, determination 
Whether the fundus tomographic image is the normal image 
or the inverted image, and detection of an image position. As 
for the step for moving the reference mirror 31, if a photo 
graphing range Z1 in the depth direction of the ?rst image 
data G1 for the normal image is 2 mm, the reference mirror 31 
is moved so that a photographing region on the fundus is 
moved in about 2 mm steps. 
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Hereinafter, a description of an example of analyzing the 
obtained tomographic image by image processing Will be 
provided referring to a How chart shoWn in FIG. 4. 

First, the control unit 70 sets a plurality of scanning lines 
for scanning in the depth direction on the tomographic image 
(a direction of A-scan) as shoWn in FIG. 5, and obtains lumi 
nance distribution data on each scanning line. In FIG. 5, the 
tomographic image is split into eleven, and the scanning lines 
are de?ned by ten splitting lines. In order to remove the 
in?uence of noise generated on the upper portion of the tomo 
graphic image, data in the vicinity of the upper end of the 
tomographic image (e.g., 10% of the tomographic image in 
the upper portion) is not subjected to image processing. In 
addition, in order to avoid the in?uence of noise, smoothing is 
performed in such a manner that the average value of values 
at ?ve points on the right and left sides of the scanning line is 
regarded as data of the scanning line. In addition, in order to 
emphasiZe a sharp rising edge of a normal image, the control 
unit 70 extracts data at one point out of every three points in 
the depth direction (thinning). 

FIG. 6 is a vieW shoWing a variation of the luminance 
distribution in the depth direction of the fundus tomographic 
image. The control unit 70 calculates the maximum lumi 
nance value in the luminance distribution of each scanning 
line, calculates the detected position of the maximum lumi 
nance value in the depth direction, and determines the pres 
ence or absence of the fundus tomographic image in the 
Whole tomographic image based on a result of the calculation 
for each scanning line. The control unit 70 calculates the 
average value of the maximum luminance values of the 
respective scanning lines and detects the presence of the 
fundus tomographic image if the calculated average value is 
equal to or greater than a predetermined threshold value (e. g., 
equal to or greater than 35 Where the luminance value is 
indicated by 256 levels), and determines the absence of the 
fundus tomographic image if the calculated average value is 
smaller than the predetermined threshold value (e. g., smaller 
than 35 Where the luminance value is indicated by 25 6 levels). 
When no fundus tomographic image is detected in the 

tomographic image obtained When the reference mirror 31 is 
in the initial position, the control unit 70 moves the reference 
mirror 31 to the next previously set moving position and 
determines the presence or absence of the fundus tomo 
graphic image based on the tomographic image Which is 
obtained at the moving position. In this Way, the control unit 
70 moves the reference mirror 31 in predetermined steps until 
the presence of the fundus tomographic image is detected. If 
no fundus tomographic image is detected even though the 
reference mirror 31 reaches the movement limiting position 
K2, the control unit 70 returns the reference mirror 31 to the 
initial position and moves the reference mirror 31 in the 
direction such that the optical path length of the reference 
light is made shorter in predetermined steps until the presence 
of the fundus tomographic image is detected (the ?rst tomo 
graphic image is obtained). 
When the presence of the fundus tomographic image in the 

obtained tomographic image is detected, the control unit 70 
detects the average position of the detected positions of the 
maximum luminance values in the respective scanning lines 
calculated as described above as an image position P1 of the 
fundus tomographic image. Then, the control unit 70 calcu 
lates a deviation amount Lg from the depth position S at 
Which the optical path length of the measurement light and the 
optical path length of the reference light become equal (the 
upper end position of the ?rst image data G1) to the image 
position P1. In other Words, the control unit 70 detects the 
image position of the fundus tomographic image With respect 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
to the depth position S at Which the optical path length of the 
measurement light and the optical path length of the reference 
light become equal (see FIG. 8). 
The control unit 70 determines that the normal image and 

the inverted image of the fundus tomographic image are coex 
istent if the image position P1 of the fundus tomographic 
image calculated as described above is located in the vicinity 
of the upper end of the tomographic image (e.g., in a region 
corresponding to one fourth of the tomographic image in the 
upper portion). In such a case, the control unit 70 moves the 
reference mirror 31 by a predetermined amount in a direction 
such that only the normal image is obtained (the direction 
such that the optical path length of the reference light is made 
shorter). It is preferable that a movement direction and a 
movement amount of the reference mirror 31, Which are 
required for bringing the state that the normal image and the 
inverted image are coexistent to a state that only the normal 
image is obtained, are previously calculated by experiment or 
simulation, and the movement direction and amount are pre 
viously stored in the memory 72. 

If the image position P1 of the fundus tomographic image 
calculated as described above is not located in the vicinity of 
the upper end of the image, the control unit 70 determines that 
only one of the normal image and the inverted image of the 
fundus tomographic image is present in the tomographic 
image. In this case, the control unit 70 determines Whether the 
tomographic image is the normal image or the inverted image 
for each scanning line based on the luminance distribution 
calculated as described above. 

FIGS. 7A and 7B are vieWs shoWing examples of the 
luminance distribution data on each scanning line. FIG. 7A is 
a vieW shoWing the luminance distribution When the normal 
image is obtained, and FIG. 7B is a vieW shoWing the lumi 
nance distribution When the inverted image is obtained. As 
shoWn in FIGS. 7A and 7B, the rising of the luminance is 
steep in the normal image, and the rising of the luminance is 
gentle in the inverted image. In other Words, the normal image 
and the inverted image are different in the variation of the 
luminance value (the edge) toWard a high luminance portion 
(a portion corresponding to the fundus tomographic image). 

Hence, the control unit 70 calculates an amount of the 
variation of the luminance value (a rising degree of the edge) 
from the luminance distribution for each scanning line, and 
determines Whether the tomographic image is the normal 
image or the inverted image for each scanning line based on a 
result of the calculation. The control unit 70 counts the num 
ber of scanning lines Whose amount of the variation (inclina 
tion) of the edge being the variation of the luminance exceeds 
a predetermined threshold value. The control unit 70 deter 
mines that the fundus tomographic image is the normal image 
if the number is one or more and determines that the fundus 
tomographic image is the inverted image if the number is 
Zero. The variation amount of the edge is obtained by sam 
pling difference values of the luminance values at adjacent 
depth positions by using the luminance values at the respec 
tive depth positions Which are extracted by thinning. 

Then, the control unit 70 determines Whether the fundus 
tomographic image is the normal image or the inverted image 
as the Whole tomographic image based on the determination 
results on Whether the fundus tomographic image is the nor 
mal image or the inverted image for the respective scanning 
lines. If it is determined that the fundus tomographic image is 
the normal image in three or more scanning lines among ten 
scanning lines, the control unit 70 determines that the fundus 
tomographic image is the normal image, and if it is deter 
mined that the fundus tomographic image is the normal image 
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in tWo or less scanning lines among ten scanning lines, the 
control unit 70 determines that the fundus tomographic image 
is the inverted image. 

If it is determined that the obtained fundus tomographic 
image is the inverted image, the control unit 70 moves the 
reference mirror 31 in the direction such that the normal 
image is obtained (the direction such that the reference light 
is made shorter). At this time, the control unit 70 calculates a 
movement amount ML of the reference mirror 31 by Which 
the deviation amount Lg calculated as described above 
becomes Zero, and moves the reference mirror 31 by double 
the calculated movement amount ML. Accordingly, only the 
normal image is obtained. In this case, it is preferable that a 
variation amount of the deviation amount Lg When the refer 
ence mirror 31 is moved by a given amount is previously 
calculated. Accordingly, the control unit 70 is alloWed to 
move the reference mirror 31 so that the deviation amount Lg 
from the depth position S to the image position P1 becomes 
the predetermined deviation amount and display the fundus 
tomographic image at a given display position. 

If it is determined that the obtained fundus tomographic 
image is the normal image, the control unit 70 moves the 
reference mirror 31 so that the image position of the tomo 
graphic image in the depth direction coincides With a prede 
termined adjustment position, and then stops moving the 
reference mirror 31. 

To be speci?c, the control unit 70 regards the detected 
position of the maximum luminance value in the depth direc 
tion of the normal image as the image position P1, calculates 
a deviation amount L in the depth direction betWeen a prede 
termined optical path length adjustment position K (see bro 
ken lines in FIGS. 8A and 8B) and the image position P1, 
moves the reference mirror 31 so that the deviation amount L 
becomes Zero, and then stops moving the reference mirror 31. 
Accordingly, the fundus tomographic image is displayed at a 
desired display position on the monitor 75. The optical path 
length adjustment position K is de?ned by a deviation amount 
Lk betWeen the depth position S at Which the optical path 
length of the measurement light and the optical path length of 
the reference light become equal (the upper end of the ?rst 
image data G1) and the optical path length adjustment posi 
tion K. The control unit 70 obtains the difference betWeen the 
deviation amount Lk and the deviation amount Lg in the depth 
direction as the deviation amount L. 

If it is determined that the fundus tomographic image is the 
inverted image as described above or that the normal image 
and the inverted image of the fundus tomographic image 
coexist, the control unit 70 moves the reference mirror 31 in 
the direction such that the normal image is obtained (the 
direction such that the reference light is made shorter) as 
described above, and When only the normal image is 
obtained, the control unit 70 calculates the deviation amount 
L betWeen the predetermined optical path length adjustment 
position K (see the dashed lines K in FIGS. 8A and 8B) and 
the image position P1 and moves the reference mirror 31 so 
that the deviation amount L becomes Zero. 

When the reference mirror 31 is moved to the position at 
Which the normal image of the fundus tomographic image is 
obtained and the normal image is obtained by the interference 
optical system 200, the control unit 70 displays the normal 
image of the fundus tomographic image at a predetermined 
display position on the monitor 75. Because the tomographic 
image thus obtained has passed through the correction pro 
cessing using the ?rst dispersion correction data for normal 
image obtainment, a normal image of a fundus tomographic 
image With high contrast and high de?nition is displayed on 
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the monitor 75. Accordingly, the examiner is alloWed to 
observe an area of the retina of the examinee’s eye With high 
visibility. 
When displaying the fundus tomographic image on the 

screen of the monitor 75, the control unit 70 controls display 
of the monitor 75 so that the retinal surface portion is dis 
played on the upper side of the screen of the monitor 75. 
When the selection signal of the retinal mode is inputted, the 
control unit 70 displays the extracted ?rst image data G1 
Without performing inversion thereon. 
OWing to the con?guration described above, even if the 

reference mirror 31 is moved from some midpoint in its 
movable range, Whether the obtained fundus tomographic 
image is the normal image or the inverted image can be 
determined by image processing, and the adjustment of the 
optical path length before obtaining a desired OCT image can 
be performed in a short time. Thus, the examiner can 
smoothly start observation of the tomo graphic image. In addi 
tion, the burden on the examinee can be reduced. 

In addition, because Whether the obtained fundus tomo 
graphic image is the normal image or the inverted image can 
be determined by image processing, even if the examinee’s 
eye blinks during the adjustment of the optical path length, a 
tomographic image desired by the examiner can be smoothly 
obtained. 

In the descriptions provided above, the difference betWeen 
the optical path length of the measurement light and the 
optical path length of the reference light is adjusted by chang 
ing the optical path length of the reference light by moving the 
reference mirror 31 de?ning an optical path length variable 
member. HoWever, the collimator lens 29 and the ?ber end 
390 may be integrally moved (see Japanese Patent Applica 
tion Unexamined Publication No. 2007-151622). 

In addition, the difference betWeen the optical path length 
of the measurement light and the optical path length of the 
reference light may be adjusted by changing the optical path 
length of the measurement light. For example, in the optical 
system in FIG. 1, the reference mirror 3 1 is ?xed and the relay 
lens 24 and the ?ber end 3912 are integrally moved, so that the 
optical path length of the measurement light is changed With 
respect to the optical path length of the reference light. 
When the observation of the retinal portion of the fundus is 

performed as described above and then a mode changing 
signal from the retinal mode to the choroidal mode is inputted 
by the mode changing sWitch 74d, the control unit 70 obtains 
the tomographic image based on the spectral intensity cor 
rected by the second dispersion correction value. 

The control unit 70 moves the reference mirror 31 in the 
direction such that the inverted image is obtained (the direc 
tion such that the reference light is made longer) until the 
inverted image is obtained. Before moving the reference mir 
ror 31, the control unit 70 regards the detected position of the 
maximum luminance value in the depth direction of the nor 
mal image as the image position P1, and calculates the devia 
tion amount Lg from the depth position S, at Which the optical 
path length of the measurement light and the optical path 
length of the reference light become equal, to the image 
position P1. Then, the control unit 70 calculates the move 
ment amount ML of the reference mirror 31 by Which the 
calculated deviation amount Lg becomes Zero, and then 
moves the reference mirror 3 1 by double the calculated move 
ment amount ML (2ML). Accordingly, the inverted image is 
obtained. 
When the reference mirror 31 is moved to the position at 

Which the inverted image of the fundus tomographic image is 
obtained as described above and the inverted image is 
obtained by the interference optical system 200, the control 
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unit 70 displays the inverted image of the fundus tomographic 
image at a given display position on the monitor 75. When the 
selection signal of the choroidal mode is inputted, the control 
unit 70 vertically reverses and displays the extracted ?rst 
image data G1 on the monitor 75. It is also preferable that the 
control unit 70 extracts and displays the ?rst image data G1 on 
the monitor 75 in the retinal mode and extracts and displays 
the second image data G2 on the monitor 75 in the choroidal 
mode. 

Because the tomographic image obtained here has passed 
through the correction processing using the second dispersion 
correction data for the inverted image obtainment, the 
inverted image of the fundus tomographic image With high 
contrast and high de?nition is displayed on the monitor 75. 
Thus, the examiner is alloWed to observe an area of the 
choroid of the fundus With high visibility. 

The determination Whether the fundus tomographic image 
is the normal image or the inverted image is not limited to the 
technique described above, and may be performed in such a 
manner that the luminance distribution in the tomographic 
image When the normal image of the fundus tomographic 
image is obtained and the luminance distribution in the tomo 
graphic image When the inverted image of the fundus tomo 
graphic image is obtained are compared and a determination 
condition Which alloWs for the determination Whether the 
fundus tomographic image is the normal image or the 
inverted image is established in consideration of a result of the 
comparison. For example, Whether a half Width With respect 
to the maximum luminance value in the depth direction is 
beyond a given alloWable Width is used as the determination 
condition. 

In the descriptions provided above, the determination 
Whether the fundus tomographic image is the normal image 
or the inverted image is performed by using the luminance 
distribution in the tomographic image. HoWever, it is also 
preferable that the sectional shape of the tomographic image 
When the normal image of the fundus tomographic image is 
obtained and the sectional shape of the tomographic image 
When the inverted image of the fundus tomographic image is 
obtained are compared, and a determination condition Which 
alloWs for the determination Whether the fundus tomographic 
image is the normal image or the inverted image is established 
in consideration of a result of the comparison. For example, a 
symmetric property of the normal image and the inverted 
image in the depth direction is utiliZed. To be speci?c, a 
retinal pigment epithelium portion is extracted from the ?rst 
image data G1 of the fundus tomographic image (e.g., data of 
a luminance value exceeding a predetermined threshold value 
Which corresponds to a luminance value of the retinal pig 
ment epithelium portion is extracted) by image processing, 
and the determination Whether the fundus tomographic image 
is the normal image or the inverted image is performed based 
on the curved shape of the extracted retinal pigment epithe 
lium portion. 

In the descriptions provided above, the fundus photo graph 
ing apparatus is shoWn as an example. HoWever, the present 
invention is not limited thereto and is applicable to an oph 
thalmic apparatus arranged to photograph a given portion of 
an examinee’s eye. For example, the present invention is 
applicable to an anterior-segment photographing apparatus 
arranged to photograph a tomographic image of an anterior 
segment of an examinee’s eye. 

In addition, the present invention is applicable not only to 
the ophthalmic apparatus but also to an optical tomographic 
image photographing apparatus arranged to photograph 
tomographic images of a living body part other than the eye 
(e.g., a skin and a blood vessel) and a specimen other than 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

14 
living body parts. In such a case, a tomographic image Which 
is high in visibility on the front side of the examined object is 
identi?ed as a normal image, and a tomographic image Which 
is high invisibility on the back side of the examined object is 
identi?ed as an inverted image. 
The foregoing description of the preferred embodiments of 

the invention has been presented for purposes of illustration 
and description. It is not intended to be exhaustive or to limit 
the invention to the precise form disclosed, and modi?cations 
and variations are possible in the light of the above teachings 
or may be acquired from practice of the invention. The 
embodiments chosen and described in order to explain the 
principles of the invention and its practical application to 
enable one skilled in the art to utiliZe the invention in various 
embodiments and With various modi?cations as are suited to 
the particular use contemplated. It is intended that the scope 
of the invention be de?ned by the claims appended hereto, 
and their equivalents. 
What is claimed is: 
1. An optical tomographic photographing apparatus com 

prising: 
an interference optical system arranged to detect spectral 

information from interference light of measurement 
light projected onto an examined object and reference 
light, and comprising an optical scanner arranged to scan 
the measurement light Which is emitted from a light 
source on the examined object; and a driving unit 
arranged to change an optical path length by moving an 
optical member disposed in an optical path of one of the 
reference light and the measurement light in an optical 
axis direction; 

a monitor; 
a control unit arranged to control driving of the driving 

unit, and to obtain a tomographic image of the examined 
object by performing Fourier analysis on the spectral 
information and display the obtained tomographic 
image on a screen of the monitor; and 

an image setting unit arranged to previously set the tomo 
graphic image Which is displayed on the screen of the 
monitor to be one of a normal image and an inverted 
image, Wherein 

the control unit is arranged to control the driving of the 
driving unit so as to 
move the optical member from an initial position in a 

predetermined direction and determine presence or 
absence of the tomographic image on an image 
obtained at each position, 

When the presence of the tomographic image is detected, 
determine Whether the tomographic image is the normal 
image or the inverted image, and 

When it is determined that the tomographic image is not the 
image previously set by the image setting unit, move the 
optical member in a direction such that the previously set 
image is obtained, and When it is determined that the 
tomographic image is the image previously set by the 
image setting unit, move the optical member so that a 
position of the tomographic image in the depth direction 
coincides With a predetermined adjustment position and 
then stop the driving of the driving unit. 

2. The optical tomographic photographing apparatus 
according to claim 1, Wherein When the presence of the tomo 
graphic image is detected, the control unit determines 
Whether the normal image and the inverted image are coex 
istent in the tomographic image, and When it is determined 
that the normal image and the inverted image are coexistent, 
the control unit moves the optical member in a direction such 
that only the previously set image is obtained. 
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3. The optical tomographic photographing apparatus 
according to claim 1, further comprising: 
mode selecting means arranged to select either of a ?rst 
mode for observing a front surface side of the examined 
object and a second mode for observing a back surface 
side of the examined object, Wherein 

the image setting unit is arranged to set, When a selection 
signal of the ?rst mode is outputted from the mode 
selecting means, that the normal image is displayed on 
the screen of the monitor, and 

the setting unit is arranged to set, When a selection signal of 
the second mode is outputted from the mode selecting 
means, that the inverted image is displayed on the screen 
of the monitor. 
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4. The optical tomographic photographing apparatus 

according to claim 1, Wherein the control unit is arranged to 
set the initial position to be at a position such that the optical 
path length is increasable and decreasable. 

5. The optical tomographic photographing apparatus 
according to claim 4, Wherein 

the examined object comprises a fundus, and 
the control unit is arranged to move the optical member 

While setting the initial position to be in the vicinity of a 
position corresponding to an average eye axial length of 
a human eye. 


